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RHIC Program

o A—A . ) 018" pHENX (5 -200GeV 05
.«s:}:’ ;‘_' 4_;‘.%3%23 0'16:_ -4 3He+Au R 1 ¢ I E
L S t ° 0.14:_ & d+Au _:
arggGy; em Hot nuclear o T B il 1 +_1
matter effect N3 i 1.5 E
D—p (QGP effect) W E
oo M 9 =
o o — e The geometry of a vorf® e E
Baseline Measurement HHSR SR piase 0ol v, 3
QCD in vacuum b A P,
- Cold nuclear 008 ) E
3 matter effect 9\ 3 3 E
p/d/He - 0.06 - } =
. _¥ $ o.osi— * * —
; — 4—*“":?5’:;’:"“ - d 0.04;— i b t { } |—
Small System 3 ; E
C ¢ ]
il o E
0.013 s B & * -
More small system _ Tos 10 15 20 25 90
Nature Physics 15, p. 214-220 (2019) pr(GeV ™)
measurements are « Non-zero charged hadron v, measured in small systems
needed to understand * v, depends on initial geometry
GP effect in large system
Q &€ 5Y Cold nuclear matter and QGP droplet
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. o . PH-“ENIX
Probing Jet Modification

via Two-particles Correlations

away side

hear side

Reconstructed jets in PHENIX
<oc. parucies | ° Parallel C1, Milap Patel

e June 2nd 11:40am CT
oo - Phys. Rev. Lett. 116, 122301
255°%
: " PHYSICAL REVIEW C 78, 014901 (2008) | Compare Au+Au (with QGP) to p+p (no QGP)
r * angular width (o) = jet broadening
Opear » vield (Y) = energy loss
T | H Fragmentation
'q'; [ Yield function
9 o = 5
k) Gaway Y D
°
J't\ I (aSSOC)_ AA _ TAA
je AA\PT ~ V. "D
underlying event pp pp
0 2 4
A® (rad) Modification of fragmentation function
Schematics of jet function from p+p collision
5/31/20
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Away-side Yield Modifications in Au+Au Collisions

Poster 276 Anthony Hodges

n°-hadron
200 GeV Au+Au
(2010 & 2011)

Trlgger P, 4-5GeVlc |

Away side [ - =, T +

Vo,Vg,V, subtracted

Trlgger P 5.7 GeVlc |

pl _f

e 0-20% o 20-40% T o~ E
1 PH ENIX | ! $ -
T e preliminary 1 1 1
.'"'E """ @?"..' """""" '.."$ """"" '..'"'i """ g".
[ 5 T : » I I 1 + & '
Z # * i | * | ¢ E | I
oo Wy by besa by by s beg s by g sy by s by g by a s bega s by g bay s sy g by s b s by a Lo gy by v g a 1e g oo |l
1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7
assoc p_ (GeVl/c) assoc p_ (GeV/c) assoc p_ (GeV/c) assoc p_ (GeV/c)
e e Y,
* Clear modification shown: Ly (p2ssocy = #
I,4 > 1atlow p$°°¢ and 1,4 > 1 at high p7>°°¢ Pp
e Suggesting hard partons loses energy when traversing the QGP
leads to jet quenching: suppression of hard jet particle,
but enhancement of soft particles
* No significant centrality dependence within uncertainty
5/31/20 Cheuk-Ping Wong (LANL/GSU) 4
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Away-side Yield Modifications in d+Au Collisions

< 16
_J - YA
- AwayIdA=Y";\’“’ +5<pl<7
1.4j o]} 7 "<g
- dAu, 0-20%, *-h =P <
1.2—

Héﬁ
IHH

ool : :

0.6 — —
n PH-ENIX
n preliminary

O 4 | ‘ | | ‘ | | ‘ | | ‘ | | ‘ | | |
"0 0.2 0.4 0.6 0.8 1 1.2

—_ h T
Z; pT/pT

* I45<1 at high z;, I;4>1 at low z; = Hints to yield modification
* However, the |y, is consistent with 1 because of the sizable
systematic uncertainties

5/31/20 Cheuk-Ping Wong (LANL/GSU) 5
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Away S|de |, COmparison

< T T | ‘ T T ‘ |
= Trlgger P, 5 7 GeV/C
0 L
Al + -hadron, [r - 2n+2] 1
I 200 GeV, 0-20%
« Au+Au (2010 & 2011) |

- - d+Au (2008)

i - ]

i PH-<ENIX )
H preliminary

B ]

assoc p_ (GeV/c)

* Iaa>lga inlow pr, Ias < lga in high py
* Larger away-side yield modification in Au+Au
collisions than in d+Au collisions

5/31/20 Cheuk-Ping Wong (LANL/GSU) 6
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Away-5|de |, COmparison

} T T | ‘ T T ‘ | assoc
=t Trlgger P, 5 7 GeV/C M .
T 1.8E- ®Au+Au 0-40% (2007+2010+2011) PHENIX —
n®-hadron, [r - EJ‘C + E] 1.6 +d+Au 0-100% Ry, < 0.4 (5-0.05) + + =
2r + 200 GeV, 0-20% 1 L eE + ; E
» Au+Au (2010 & 2011) | = 1E + ® it | =
- . d+Au (2008) ooE t E
i —~— . 0.4E- ¢ —=
I PHENIX | o2 § y-hadron  arXiv:2005.14270 =
H preliminary 05— T T T E =
i N~ = N i (2 Y /o h
j . o e e=In(2) = el
P E%j | * Same observation found in the
I | comparison of away-side yield
O I B ey modification from y-hadron correlations

assoc p_ (GeV/c)

* Iaa>lga inlow pr, Ias < lga in high py
* Larger away-side yield modification in Au+Au
collisions than in d+Au collisions

5/31/20 Cheuk-Ping Wong (LANL/GSU) 7
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Away-Side Yield Modification in d+Au Collisions

6 Away-side
S 7L YA
- dA 7T
B Away | = YAu +-5<p <7
han o 7<p’<9
- dAu, 0-20%, 2%h <P
12—

HH

ol
06— —~——
B PH <ENIX
L preliminary
04 L L L ‘ L L L ‘ L L L ‘ L L L ‘ L L L ‘ L L L
0 0.2 0.4 0.6 0.8 1 1.2
zT=p2/p$
Near-side
< 16
=T Yaa
B Near I, =" 5<pi<7
14— Y% +7< I<9
" dAu, 0-20%, =%h <P
12—
: +
0.8— ¢
0.6~ —
B PH::ENIX
L preliminary
04 L L L ‘ L L L ‘ L L L ‘ L L L ‘ L L L ‘ L L L
0 0.2 0.4 0.6 0.8 1 1.2
z, = p? / pﬁ

5/31/20

Hints of suppression at high p

and enhancement at low p

assoc
T ’

assoc

T

Near-side is consistent with unity

Cheuk-Ping Wong (LANL/GSU)
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Away-Side Yield Modification in d+Au Collisions

Away-side

< 16

1.4

1.2

0.8

HH

YA
Away | = Yd:” 4-5<pI<7

pp y
dAu, 0-20%, n°-h +7<pl<9

0.6 —~———
PH <ENIX
preliminary
04 L ‘ L L L ‘ L L L ‘ L L L ‘ L L L ‘ L L L
0 0.2 0.4 0.6 0.8 1 1.2
zZ,= p? / pi
Near-side
< 16
= - yN

i Near |, = - 93¢ 4 5<pi<7
14— Ypp 7 I 9

" dAu, 0-20%, =%h +7<p<
1.2—

: +
0.8— ¢
0.6— —

B PH:<ENIX

L pr‘eliminary
040 L 0.2 L L L 0‘4 L L L 0.6 L L L 0.8 L L L 1 L L L 1‘2

z, = p? / pﬁ

5/31/20
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1.3

1.2

1.1

0.9

0.8

0.7

0.6

- YA /YN .

C Rl = H +-5<pl <7

r pp’/ Tpp x

- H dAu, 0-20%, 7%-h +7<p<9

= f @

- v % f

- PHENIX

- ‘ ‘ ‘ ‘ prel‘|m|nary
| 0'2 | | 0.4 | | 0.6 | | 0'8 | | | 1 | |

zZ,= p? / p?
Hints of suppression at high p$°°°¢,
assoc

and enhancement at low pr

Near-side is consistent with unity
Double Ratio|R; = “near
dA

some systematic uncertainties are
canceled out

is introduced:
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Away-Side Yield Modification in d+Au Collisions

3y Away-side
B Yaau = 1.3 yﬁA /YN -
14 AwayIdA= Ysp +5<pT<7 RI=#Y::AU +5<pT<7
- " 12 PP~ " PP x
dAu, 0-20%, n%-h + U= pT = dAu, 0-20%, %-h + 7< p_r <9

1.2 1.1

H 1
H

[ — —
C—e—]

com
= =

o

==

i

==l
e

B 0.9
0.8 b + ¢
L 0.8
0.6— )
- Y 0.7 -
B PH-“ENIX PH “ENIX
L preliminary preliminary
0 4 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1 0 6 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1
0 0.2 0.4 0.6 0.8 1 1.2 : 0.2 0.4 0.6 0.8 1
— nh i — ph 7
ZT—pT/pT ZT_pT/pT

* R; shows away-side suppression at high z;
* Clear enhancement of low p; jet particles is shown in R; results
as systematic uncertainty reduced compared to I,

5/31/20 Cheuk-Ping Wong (LANL/GSU) 10
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Away-Side Yield Modification in d+Au Collisions

Nature Physics 15, p. 214-220 (2019)
a

0'18? PHENIX 5, = 200 GeV 0-5% ]
0;18 :_ -4 *He+Au ¢ i _: o 1 3i YA / YN
- = d+Au 4 L E r =_dAu’ "dAu 5 <7
0.145— +2+ﬁu . I 1 ‘ :E N RI YA /YN - <pI<
MR o 2 1 E | H dAu, 0-20%, 7-h +7<pp<9
= 0.10F . s ° = 11
o LY |
ot "y : : . )
004™ ® = 09— $
b 0.02 f—. ¥, —f 0.8;
3 = 07 PHENIX
0.07 - 5 = - preliminary
F 3 Py L O S ER U B
006 F } _ 0.2 0.4 0.6 0.8 } 1=ph/p”
0.05 — . - o
e F 1 ‘ { { IH l_ Variety of collision systems:
TE ¢ . ..
0.03f ‘ E * [nitial geometry dependence study
LI = in flow harmonic coefficients
0.01 E® . & “ + * E . .
el ' PR * System size dependence study in Jet
°Tos 10 15 Ij.o‘ 25 80 modification
pr(GeV c)
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d+Au / 3He+Au PH:<ENIX

Away-Side Yield Modification in Small Systems

=1.4- 5 s1.4
(1 = Away r,Near A He3Au, p:o: [5-7] GeV/c A% E_( R) Away .Near —— constant fit: 0.876 + 0.061
1.3 R = YxAu Y xAu ® He3Au, p: : [7-9] GeV/c o 1-3__'He3Au _ YhesadY He3Au A p”: [5-7] GeV/c
- 1™ T AWaVv - Near °, - N - - Away .\ N T
12 = Ys;vaVNNear A dAu, pln. [5 7] GeV/c \21.2 = (Rl)dAu YdAu /de?.lr ‘ p: . [7_9] GeV/c
F PP ® dAup,:[7-9] GeVic S r p=" : [0.6-1, 1-2, 3-5, 5-7] GeV/c
LE p:": [0.6-1, 1-2, 3-5, 5-7] GeV/c T4 T - . g
E T Near: IAgl<y, Away: IA¢-ri<y x F ‘ l Near: I1A¢l<;, Away: IA¢-rl<;
1 — A ; l b T ~ 1 : H
09 T T + + * 0of * T f . W 0.876+0.061 |
“E @ =
0.8 f— 0.8 ;—
0.7 f— 0.7 ;—
= Systematic errors not shown ® 0sE- _ _ :
06" v, subtraction not applied - £ v, subtraction not applied o
= - 90% ~O_h* PH: -ENIX 0.5 \/S,, = 200 GeV, 0-20%, n°%-h* PH: “ENIX
0'55 V?W = 200 GeV, 0-20%, x*-h preli/l\’ninary - W | ’ | ’ | prelimlinary
1 | | | | | | | | | | | | | | | | | | | | 0.4 L L L L L L L L L L L L L L 1 1
0.4 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8

z,'= ph/p? 2, = pYp”
LIS i ¢ TT
e 3He+Au and d+Au results are within uncertainty
* R; of He3+Au results are systematically
lower than d+Au
—>more suppressed at high pr compared to d+Au ,é"'%“'
. . N
= hints to system size dependence & = ,:;?%‘3
5/31/20 Cheuk-Ping Wong (LANL/GSU) o '12
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* Locate the enhancement and suppression of
jet particles inside a jet

e Study vield modification at jet substructure
level using a new observable, I ,,(A¢)

/ \ Jet function Jet function Jet function
2 4 6 2 4 6 2 4 6

Illustration of jet function at different associate py



PH ENIX
I,,(Ag) in Au+Au Collisions

Yield modification in position space

_ZE4f_ ‘Trigger p_4.0-5.0 GeV/c | Trigger p_5.0-7.0 GeV/c | Trigger p_7.0-9.0 GeV/c | Trigger p_9.0-12.0 GeV/c
n®-hadron (20-40%) —— Associate p_ (GeV/c)
: 200 GeV Au+Au il
3l (2010 & 2011) ¢ 3.0-5.0 ¢5.0-7.0
2f
f [*]% %Eﬂ
[ " **tg ? *tzsg % +t*$+ + I #
A T N TR SR MU BRI RS RIS M SR RS RS N S U S T R
0= 3 1 Ap 2 3 4 Ap 2 3 4 Ay 2 3 4 A
« Show modification of jet substructure level Poster 257, Megan Connors

* High associate p: suppressed overall in Ag. The
modification is relatively even

Jet function
2 4 6

5/31/20 Cheuk-Ping Wong (GSU) 14
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I,,(Ag) in Au+Au Collisions

Yield modification in position space

_Z[ Trigger p,4.0-5.0GeV/c } Triggerp 5.0-7.0 GeV/c } Triggerp _7.0-9.0 GeV/c | Trigger p_9.0-12.0 GeV/c
ar n®-hadron (20-40%) —~—— Associate p_ (GeV/c)
[ 200 GeV Au+Au PH ~<ENIX ¢ 1.0-2.0 o 2.0-3.0
3'_ (2010 & 2011) P y e 3.0-5.0 ¢5.0-7.0
' ! i A 5
or %J o
]
T--7 E S e T R e e I s il ¥ :—?r;—:-—— --- E—uﬁ% Eﬂ_"
: $3ESH *eee T % T *
OIETJIII*Iglll .....|....|.+....=?|...
2 3 4 A¢ 2 3 4 Aq) 2 3 4 Aq) 2 3 4 A¢
« Show modification of jet substructure level Poster 257, Megan Connors
* High associate p: suppressed overall in Ag. The A

modification is relatively even
* Mid associate p;: suppression at the core of the

jet, but enhancement shows at the skirt of the jet

_\_ Jet function
- . :

5/31/20 Cheuk-Ping Wong (GSU) 15
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I,,(Ag) in Au+Au Collisions

Yield modification in position space

3 _ “Trigger |E>T'4:ol5:o'G'e\'//<': 1 "I‘rigg';e'rb '5.0-7.0 GeV/c | Trigger bT'7.'0-'9.'0 GeV/ic 1 Trigger bT'g.'o-'1'2.(') GeV/c
a n®-hadron (20-40%) Associate p_ (GeV/c)
I 200 GeV Au+Au Ert'nmE.r'\“a% ©0.5-1.0 ©1.0-2.0 o 2.0-3.0
3-_ (2010 & 2011) @ e 3.0-5.0 ¢5.0-7.0
2_ ﬁ
e ll @l A $ 8 %
P et %%
- SC R o _ L o
: eSS *t*s* T $1:$$ % s
O"é""é""i"A;p" iAq)z' 3 4A¢éé‘|1A¢
« Show modification of jet substructure level Poster 257, Megan Connors

* High associate p: suppressed overall in Ag. The
modification is relatively even

* Mid associate p;: suppression at the core of the
jet, but enhancement shows at the skirt of the jet

* Low associate p;: enhancement within the away- ) \_\Jetfunction
side jet especially at the skirt of the jet : 4 :

Jet Broadening
5/31/20 Cheuk-Ping Wong (GSU) at low associate Pr| 15
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Transverse Momentum b+

~assoc
trig xe Pr
n c\a
pT C— Trigger Ad) pesS N
T ’pout
—‘trig- D
Pr ~ - xg

Study the associate particle
transverse momentum (ﬁout) w.r.t. the trigger particle:

Iontgitydinal transverse

~assoc __ ;trig -

Pr =DPr = " Xg+ Dout

Longitudinal fraction w.r.t. ) \ Associate particle
the trigger particle < transverse momentum

|“aSSOC| w.r.t. the trigger particle

Xgp = — i - : COS(Ad)) . __ 2>aASS0C in(A
‘*t”g Pout = Pt - sin(4¢)

T

5/31/20 Cheuk-Ping Wong (LANL/GSU) 17
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Dot Broadening in p+A

-0.05

PHENIX e p+Al 0 15<X <0 25
¢+ p+Au 0. 15<x <0 25

\ﬁ-ZOO GeV' o p+AI0.25<x <0.5

5<p <9 GeV/c ¢ p+AuO. 25<X <05

21 4n

ERmA]

Physl. Rev. C 99], 044912 |

2 4 6 8

10
Neo

Centrality/N,,;; dependent: broader ﬁg;{q as N,,;; increases

5/31/20
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p+Al,p+ Au

Dot Broadening in p+A

~ PHENIX

-0.05

o p+Al o 15<x <0. 25 —
¢ p+Au 0. 15<x <0 25 _
[Su=200 GeV | 1. A1 0.25<x <05
~ 5<p’<9GeVic o p+AuO. D5<x <05 N

21 47t
3 A0<7

Physl. Rev. C 99|, 044912 |

2 4 6 8 10
NCOII

PH

Centrality/N,,;; dependent: broader ﬁg;f as N,,;; increases

+—UnderhrirgHow? v, and v; are ruled out

* Higher k; for parton in nucleus?
* Energy loss?

5/31/20
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Summary from Au+Au Collisions

= Tiggerp 57Geve | : P
I hedion tn-Ea+ ] | Thorough study of yield modification in
2r + 200Gev,020% - |  Au+Au collisions: momentum dependence
s oaos 21 and angular dependence
: ] % PHENIX | Clear modification is shown in Au+Au than
Ty S i in d+Au collisions
v s The new observable, 1,,(A¢), shows yield
: . modification at jet substructure level
e - S S SR

assoc p_ (GeV/c)

_Z[ Trigger p,4.0-5.0GeV/ic | Trigger p_5.0-7.0 GeV/c } Triggerp_7.0-9.0 GeV/c } Trigger p_9.0-12.0 GeV/c
4: n®-hadron (20-40%) 1 —~—— 1 1 Associate p_(GeV/c) ]
: 200 GeV Au+Au 1 Er'é'ﬁr}ﬁr'w\g?§ I ] ¢051.0 ¢1.0-20 ¢2030 |
3+ (2010 & 2011) 1 @ @ 1 1 3.0-5.0 ¢5.0-7.0 i
of 1 N 4 T % T ]
: @ T Rlg 1 E[.b @E 1 ]
[ [l ] 1 I I E ]
b 0Bl L fmm@umi-- - |-
[ $EES e 33382 38T be :
L 1 l 1 1 1 1 l 1 1 1 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 1 1 1 1 1 1 1 1 l 1 1 1 1 l 1 1 1 i l 1 1 l-
0 2 3 4 A(i) 2 3 4 Aq) 2 3 4 Aq) 2 3 4 Aq)
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Summary from Small Collision Systems

=1.4

d/3He+Au collisions:

vield modification

2]

* Away-side Iy, shows suppression of
hard jet particles. However, the

yield suppression is smaller than
in Au+Au results

R; measurements
— Reduction of systematic uncertainty

— Show enhancement of soft jet

1.3

1.2

1.1

Away .\, Near
YxAu /YxAu

Away . Near
Y Y PP

PP

o> 0>

He3Au, p::: [5-7] GeV/c
HeSAu,up: : [7-9] GeV/c

dAu, p7': [5-7] GeV/c

dAu, p: : [7-9] GeV/c

p:" :[0.6-1, 1-2, 3-5, 57] GeV/c
Near: IA¢I<%, Away: IAq)-nI<g

o5
b -
@
>

|

w

<

ystematic errors not shown
, subtraction not applied

\'Syn = 200 GeV, 0-20%, n%-h*

M IR

T
PH-<ENIX

preliminary

0.2

0.4

0.6

0.8

1 0
z, = p?/pT

particles in the away-side, but
suppression of hard jet particles

p+A collisions:

momentum modification

* Away side broadening in p,,:
measurement

* Away side p,,: broadening shows
N dependence

5/31/20

I
| PHENIX
VS =200 GeV
trig

B 5<p, <9 GeVlc
21 41
3 L0<F

S ORE N ]

p+Al 0.15<xE<0.25
p+Au 0.15<xE<0.25
p+Al O.25<xE<O.5
p+Au O.25<xE<0.5

Cheuk-Ping Wong (LANL/GSU)
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Summary from Small Collision Systems

The geometry of a
quark-gluon plasma

MARCH 207 VOLIS NO D3
waw natare com, aturephyacs

preformed pairs

Nature Physics 15, p. 214-220 (2019)

Both two-particle correlations results
show system size dependence

5/31/20

=1.4
1.3
1.2

1.1

0.9
0.8
0.7
0.6
0.5

0.4

-0.05

w

ystematic errors n

<

! | ! ! ! 1 ! !

Away Near A He3Au, p : [6-7] GeV/c
R = xAu /YxAu ® He3Au, p : [7-9] GeV/c
! AWaV/YNear A dAu, pT [5 7] GeV/c
PP ® dAu, p’ : [7-9] GeV/c
p:h: [0.6-1, 1-2, 3-5, 5-7] GeV/c
f Near: IA¢I<%, Away: IA¢-nI<%
i % | + |

, subtraction not applied
\'Syn =200 GeV, 0-20%, 0-h*

P

ot shown

N
PH:-<ENIX
preliminary

! 1 ! ! ! | ! ! ! | ! !

0.2 0.4 0.6 0.8 ZT1= p:-/p:l)
I [ T I T
PHENIX e p+AlO. 15<XE<0 25 ]
L ¢ p+Au 0.15<x <0 25 i
\/_1-200 GeV.  p4AI0.25<x <05
5<p, rlg<9 GeV/c o p+Au0.25<X <0.5 7
21‘t Ad <_ b

Cheuk-Ping Wong (LANL/GSU)
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Jet Measurements in d+Au Collisions

2
1 8-PHENIX d+Au, W 200 GeV, anti-k,, RB=0.3 jet E 18 C@ﬂowewanti-kvR=0-2iet Blozos  [Hlao60%
o 60-88% | § | 20-40% ] 16~ PHENIX [#]20-40%  [#]60-90%
1.6 > — “E  preliminary
40-60% /,/ 0-20% K =
1.4 = E-loss 0-20% (Kang et al) - = I
E » * + E - 1.2
121 i 7 ki, | S 1!' l """""""""""""""""
M e b T 1 Elc ¥
m V // : 06:_
i T 3 =
0.8— WW %#//7/%/// ?// / . = l l .
. = | § ERKE
0B e, Phys. Rey, Lett. 116, 122351' """ 3 %
10 20 30 40 50 qo 1 1 1 1 1 1 1 1 1 1 1 1 2|5 1 1 1 1 3|0 1 1 1 1 3|5 1 1 1 1 40
P, (GeV/c) p; (GeV/c)
* Ry shows centrality dependence
— Rya < 1inthe most central events indicating suppression of jets
— Rya > linthe less central events indicating enhancement of jets
R4a<Ran indicating larger suppression of jets in Cu+Au collisions
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Away-side Yield Modifications
in d+Au Collisions

3 A = A

- Away | = Yoru 5<p’<7 - Away | = Yoru 5<pi<7
14— Vi = YA +S<p; C Yia= YA +5<p,
F PP 7<p’<9 ML ’ 7<p’<9
- dAu, 0-20%, x%h <P, - dAu, 20-40%, 2*-h + <P,
12— 12—

o ik

0.8 0.8

e ]
C—w— ]
[

0.6 0.6

PH-<ENIX PH-<ENIX
preliminary preliminary
04 | | | ‘ | | | ‘ | | | ‘ | | | ‘ | | | ‘ | | | 04 | | | ‘ | | | ‘ | | | ‘ | | | ‘ | | | ‘ | | |
0 0.2 0.4 0.6 0.8 1 1.2 0 0.2 0.4 0.6 0.8 1 1.2
— nh i = nh 7
z; pT / pT z; pT / pT

* 14a<1 at high z; and 1;,>1 at low z;
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Transverse Momentum b+

ArASSOC
i ittt pT

\ A\
‘\ Q%“O

T Parton

Hard scattering
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Transverse Momentum b+

~assocC

| + k2| Pr

~trig
Tﬂw;
ALTT 9"
T l
a550C
~(SS0C
Pr

Hard scattering = fragmentation
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Transverse Momentum P,

~aSssocC

|k + k2 Pr

~aSSOC
Pt
Study the associate particle transverse momentum (p,,+) w.r.t. the trigger particle:
longitudinal t
R At'r'ig raniverse
assoc _
Pr =Dr = " Xg t Pout

Longitudinal fraction / \ Associate particle

w.r.t. the trigger particle < transverse momentum
%SSOC'

Ip t. the tri ticl
Xg = — |Atrig . cos(A) w.r.t. the trigger particle

Pr - — /ASsoC |
5/31/20 Cheuk-Ping Wong (LANL/GSU) Pout = Pr sin(A¢)
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D+ Distribution in p+A

arXiv:1809.09045v

5/31/20

1 Near side Away side
L T T T ] T T T | T T T I T T T I T T T I T T T L T T | T T | T T T ‘ T T T | T T T | T T
o p+AuU p+p S 1 p+AU p+p
E 10 PHENIX o 0 01x<0.15 E PHENIX e 001<x<0.15
Z~ 5102 {Syn = 200 GeV m 0 0.15<<0.25 (x12“) = 10" ﬁ =200 GeV B 0 0.15<x.<0.25 (1 (;")
° i ¢ 0.25<x-<0.5 (x10° Z| 3 - . . 3
T:l%g 4 5<ptTng<9 GeVic M O.5<x<:E1 (x1g'(3) ) S8,102  5<p;°<9 GeVic . ig_gzgﬁz g;)o )
>+10 —%<A¢<% ‘-Z=10_3 2n A
104 noh
: 107
107 -
. LV 10°
10 M 107
10_7 &% J = 10—7
107 *? i E 10°8
10—9 1 1 1 ] 1 1 1 . » 1 1 # I 1 1 1 —9 of \ \*
-6 —4 ) 0 2 4 6 105 4 ) 0 2 4 6
P, [GeV/c] p_ [GeVic]
Near side p, . does
not change with k; * Narrower near side p,,,+ distribution
1 2 . .
o 7+ k7| I than the away side as pJic¢” depends
r'g e.r_——__-} ----- g B el .
* g \ on jr only
o= < pOUt away 3
—s<oC. * DPout  dependson both kr and jr
|ﬁ%SSOC|
—_ - . = — yassoc :
XE = |ﬁtrig| COS(A¢) Pout = Pt ’ Sln(A¢)
T
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D+ Distribution in p+A

arXiv:1809.09045v

1 Near side Away side
L T T T ] T T T | T T T I T T T I T T T I T T T L T T | T T | T T T ‘ T T T | T T T | T T
o p+AuU p+p S p+AU p+p
E 10" PHENIX o 00.1<x<0.15 E 1 PHENIX e 001<x<0.15
= 5102 \Snn = 200 GeV B 0 0.15<x<0.25 (x12“) = 10" V—SN =200 GeV B 0 0.15<x<0.25 (x107)
z| 3 trig ¢ 0 0.25<x_<0.5 (x10?) pd ] - ¢ 0 0.25<x<0.5 (x10?)
T_:'lg.:m LF 2P <9 GeVic + 051 (107) S8,102  5<p;°<9 GeVic + & 05t (X109
=10 — E<AG<E 1=, s 2n An
2 10
107
107
10°°
1077
107°
) v
107¢ 4 22 0 2 4 6
P [GeV/c]

* Narrower near side p,,,+ distribution

than the away side as pJic¢” depends
on jr only
—oc. * po..” depends on both k; and j;
|ﬁ%SSOC| ~ _
v |ﬁt7“ig| - CoS(AP)  Poyr = PFOC - sin(Agp)
T
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D+ Broadening in p+A

arXiv:1809.09045v1

Near Away
ots5fF
p+Al PHENIX 1 B;AI .
TT
o O TMG \5e200Gev - BAT 1
O 5<p9<9 GeV/ic 1
> ! +
>  0.05t 0-100% - 1
o . 1 =
2 Ohn‘l‘ IIIII (“LLELLLLLE LY ;IIIHHII' llllllllllllllllllllll -
PR 1
5 (a) (b) 1
~_ 3 -0.05- L
ettt
E  o1s5f T =
1 p+Au 1 p+Au
< T 21 At
A o Mg 1 e 1=
o3 | } b1
£ o5 1 1>
° 4
0;....... ................... !........... .......................... -
—-0.051 ‘(c) e __ .(d) - |ﬁgrlssoc
0.1020304050607 0.1020304050607 xp = — |Am.g - cos(Ag)
Pr
Xe

* No near side p,,,+ broadening
* No significant away side broadening in p + Al data
* Away side p,,; broadening in the p + Au data € k; effect?

~AaASSoC

ﬁout =Pr - sin(A¢)
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p+Al,p+ Au
D+ Broadening in p+A
arXiv:1809.09045v1
Near Away
o5 T
p+Al PHENIX B;AI .
o O BMF \saeo00Gev | FAT i
(&) 5<p_ %<9 GeV/c | S
% 0.05¢ 0-100% T\ l {1+
>
gl T s ] + oy
2 (] S — @re=ssssmaaaas ;.."t_". ...................... —
o3 005l @ (b) 1
051 1
R R L S = e A e
|< p+Au 1 B;Au .
TC
A& ok Mg 1 e 1=
o3 R B
£ oo0s ]
. N\ z
Oh.‘“. ..... ’ ............. ! ..... ! .......................... -
d
o @ L@ B
0.102030405060.7 01020304050607 x; =
Xc Pr
* No near side p,,,+ broadening o=
out — FT

* No significant away side broadening in p + Al data
* Away side p,,; broadening in the p + Al and p + Au data € k; effect?
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I,,(Ag) in Au+Au Collisions

Yield modification in position space

5/31/20 Cheuk-Ping Wong (GSU)
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